Monitoring Population Membrane Potential Signals During Development of the Vertebrate Nervous System.
The functional organization of the vertebrate central nervous system (CNS) during the early phase of development has long been unclear, because conventional electrophysiological means have several technical limitations. First, early embryonic neurons are small and fragile, and the application of microelectrodes is often difficult. Second, the simultaneous recording of electrical activity from multiple sites is limited, and as a consequence, response patterns of neural networks cannot be assessed. Optical recording techniques with voltage-sensitive dyes have overcome these obstacles and provided a new approach to the analysis of the functional development/organization of the CNS. In this review, we provide detailed information concerning the recording of optical signals in the embryonic nervous system. After outlining methodological considerations, we present examples of recent progress in optical studies on the embryonic nervous system with special emphasis on two topics. The first is the study of how synapse networks form in specific neuronal circuits. The second is the study of non-specific correlated wave activity, which is considered to play a fundamental role in neural development. These studies clearly demonstrate the utility of fast voltage-sensitive dye imaging as a powerful tool for elucidating the functional organization of the vertebrate embryonic CNS.